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(54) LASER BEAM MACHINING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack, deviating from a 
predetermined line for welding or cutting on the surface 
of the machining object, and accurately. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 
along the predetermined line 5 for cutting making the 
reforming area the starting point, the machining object 1 
can be cut with a comparatively small force. Since in the 
irradiation of the laser beam L, the pulse laser beam L is 
hardly absorbed on the surface 3 of the machining 
object 1, the surface 3 is not melted, caused by the 
formation of the reforming area. By adjusting the 
repetitive frequency of the pulse laser beam L or 
relative moving velocity of the condensing point P of the pulse laser beam L, the pitch of a 
reforming spot is controlled. 
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SJRTTaci: ioT, iPX*fM&ii©SE3 10 
J£*NesBft«lft*f8£SHi:S e £ft < iPXttft^ i ©<ZJ 

flPrtfBJtictftSo 
[0 0 3 5] &*5, ?StRfiH«*jEjSfcbfcttIXj***<0 

f£f£, ipXW^tA^W^^^EPijP^n^cttcfc 

©»*jB«*#v^®&©«IWefeao A&Wft?WEPfip£ 
Tinx^^tcfttfjS'*^A.KJiS^J*liP^.ife»3rJiPX " 2b 

fcfc ck ►) , JS«««*iEMii: LT*px#fe!fei©»Tffi/jiR] 
m-t*&K>. Anx#gtffc<Djp*a<:*:#v->J§-g\ J¥275[r>Hc 

c 4: #ft < . *Kffi*jKricLfcas»o**«ij»f-r a c t 

$, ^■Jav^x^^^Stt^Ji^JPSti^ftS 
fg|Rlfc££©T?, c©<£5ftMMi©£^fflW?jSH±A 

[0 0 3 6] ST, *jt^glg»c:}3l^T£ft?®i]Xk:<fc 
QBf&ZtlZ&HimmtLT, #© (1) ~ (3) 

( 1 ) oXtt«tt©*9 y 9 v 

*H«©i§£- 40 

\s—*f?tttmTMma mxim^ x^l Hath ^ e> ft s 

x 1 o 8 (W/cm 2 ) fcLfefro/WXtitf 1 
/i sJ^TO^ft-PESItr * 0 c ©^;l/Xig©Af? £ tt, 

*JBrftT?^5^t?feSo enter's, iax##itj©rt 
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X 1 0 12 (W/cm 2 ) T*fcS 0 ;WX*§{±0!|jLfcf Ins— 2 

M (1 99 8$. 1 2^) «S2 3M~^2 8MO T@ 

[0 0 3 7] «f*3fi«i:*5 
k e>Htt*£l*fc: <fc *) 3ttbfz<, mtefctttt&ff© 51 >> T- 
3d -So 

(J¥£ 7 0 0 /in) 

(B) U— *f 
?m ■ ¥#<*U— fSjjgNdrYACU— tf 
jgg : 1 0 6 4 nm 

f #X#-y h mmW. : 3 . 1 4 x l 0 - 8 cm 2 

*gDiILHj£& : 1 0 0kHz 
>VI/X4S : 3 0ns 

■m* mt}<i^iXfVvx 

is—yytshm. ■■ temoo 

U— !f3ic«stjrr*aji* : 6 o^— t>h 
(d) iPX»^^ttg?ns«B#©»«i^a : i o 

0mm/S> 

[0 0 3 8] 0 7{±±ieHil©*g^^-r^7T-fe 

u— tfftft©T'mw&)g« t;— j'/<«7— «Bfi7»a*n 

5„ ififtttt w^l/XOU-ifTtlc^OAPX^m^l©^ 
fcJBfiit^nfcii'^-y^ai^ ©A# 

Mkft^o ^7'^X>1?7h©^Jtt ^^-y^X^ 

S 0 y"77*©l3tn?^tf-^l±*3 , £ffll/>X (C) 
©g^l 0 0{g, IflP^C (NA) #0. 8 0 ©*§£-??& 
5o ^7^if©a3tL^-r-r-^tt*7tfflU>X 
(0 ©|gW5 0(S, Bfla% (NA) j^0. 5 5©«^ 

•pfeSo tf-*/w-«ttfio n (w/cm 2 ) mm.fr*> 

inx«ft»o rtSPt * 5 -y * X # -y h L, tf- ^ 
^y-ffia*^A€ < ft*tfiei/^5 v ^X^-y h feA^ 
<ftSCi:*^*^ 0 

[0 0 3 9] ^t, ^figJgfilfC^S U— tfiPXfc*il/-> 
XA(COt/^TI§18~lll 1 1 *ffi(/^T5«B^-r5o I8t^ 

■T J: 3 ic, ^Jtt^KiRtf^US^ff-piiPX^ffttt 1 ©rt 
SPKJH)tjSP*^fc-&r U— lfm*ftll««» 1 CHB« 
LT«(f¥S5^ >fc»o T^iSPfc ^7 -y 9 ^JK 



0) 
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i i £^r<fc -5 Ktaxttftw i tffjns c^icj: oadx 

[00 4 0] ( 2 ) ^Mi^liramoi^ 

1 X 1 O 8 (W/cm 2 ) J^±T^-3^;l/XfH^ 1 /as 

1 X 1 O 12 (W/cm 2 ) Tfe^o /*/l/X«4M>Ltf Ins— 

2 0 0nsWSLl/\ 30 

[004 1] immmiz, s/y3>^x^\ortai5-e»M 

[0 0 4 2] (A) j&DXjtfftft : i/Ua^xA 

3 5 0 fim, j^l4^Vf) 

(B) U-if 

: *flM*U— flTOEMd :YAGU— If 

: 1 0 6 4 nm 
U— tfJfcXsKy h Brffiffl : 3 . 1 4 x l o - 8 cm 2 
££&7ftB : QX^ y *v 40 
»t)JSLJSifi[|S : 1 0 OkHz 
^jVXWi : 3 Ons 
IHA:20 iiJ//WX 

iWttBfl : TEMoo 
«Jte«Mx : 

(C) *7tffll^>X 

fg^ : 5 Ofg 
NA : 0 . 5 5 

(D) 4nx»ft%^««^ns«B^O»i(iiS« : l 0 so 
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Omm/# 

01 2«±fH^ffTOU-ifiPX^<fc!9^Bf^n^>'U 
3 0 j/«j3y9x/M io«SPk:»M«ra««i 3*<JB 

IlM«Oi?^^[R]0^#^(i 1 0 0 /imgfiTfe^o 

[0 0 4 3] ftlHJflMH 1 3*<*3fc?»iRK:j; DffM 

U :3VStg£>JP3*ttf 5 0 /inu 100 /ink 2 0 0 /im, 
5 0 0 /2 nu 1000 /x mO^^ KlO^T±fE!fMI<££r^ L 

[0 0 4 4] MX-fcfx Nd:YAGU— IfOffiStPfeS 1 0 6 
4nm^t5l/^T, > U 3 >S«<Dff 5 0 0 (i mWT® 
m&> ^ U =J VKftOrtSPTfci: »fft# 8 0 %w±a 
iitSCh^^So Ell 2^t>"J3>')xAl 1 
OfP£te3 5 0 /imT*&££>T\ ^Jt?«HlRfCck £i8SS 

0 0 /miOS/'Ja^xA*##M5i:, 9 0 

(2 0 00^4^) 0^7 21-^7 3l© 
rtf if £ ct S 3/ U 3 VOiPX#ttg¥ffij 

[0045] ft*5. ->U3>^x/Nti, jsitias^se* 
fc:aia-r*£:©#jtitta«k:««-r«»&fefe*u *p 

X»ft»fe:*^HliP^nsci:ti:ctOfiES-rs«^fefc 

iPXW*%ort»fc:«lB«ra««*JB«-ra«^ AIK 
[0 0 4 6] ( 3 ) «K««^JB«f **ft:««0«* 



(10) 
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P-lfftfciPX*** (flAH!«7« Ort«fc:*3ej« 

*^*>*t, «yfiAfcfi»a*iH»«^i x i o 8 (w/c 

m 2 ) WJi-pfrO/<7l/X«tf 1 nsttTO*ftTiWt5 e 

ffifit^LTte, ffilittf l x l o 12 (W/cm 2 ) -P65 0 
;l/X«ttWAfcflnsWT^»Sb<. lpsWTtfS&fc: 10 

flRIAfcf. 2 (el flSlllPXWJt*!!** (19 9 7 
1 13) £>Hl 0 51-^1 1 HO r^JiAh© 
»f HH» * « *f 5 X rtgP-\0^e«ag^figj £ 

[0 0 4 7] K±©«t5fc:**flBB»fcJ:ntf, 
X u— if »oi^offi^MHttO^« 5 ^ITOiT 

*57*{W*«fc Kit £ o 
[0 0 4 8] ><;I/XU— *fJttO«DiSLja»»*f (H 
z) . JjuX*f^OXttX-T— ^XfciYttX-r— ^O^lb 
iljg^v (mm/sec) ft&o C ft £ OXr- iS<D&9hife 

t'SSo ^;l/Xl/-f^© 1^37 hTffM2ft£^ 30 

V 5 OffilJfef: 0 fcjElS'SnS * v *y ^X# *y 
n=f/v 

»ffis*$ fe ?) ft* * ^ ^ * v b <o»n<D 

p= 1 /n 

[0 0 4 9] cfcoT. M;l/XU- F*Oi»&igL«ifitt 
Sfc*f (Hz) ^#<t"^ci^^x-r-> ? o^®jM/t^v 

(mm/sec) < *T S £ £ \C& K> , t?^^p*/>S< 

#J»T**o Sfifc:* »SiBUBi6ft*f (Hz) 2r/J>2< 
*TS(li:^>X^— v^^lKSfi^v (mm/sec) < 

[0 0 5 0] t£ZT\ \£v3 L p£tyKitt'7'C>5j3 

-Hi 6t^tHlD^?)o Hl4-Bl6t±, 
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fc*PX3MMfcO«»rRe9>f > 5 fc: »o fcBKfrOTffiBI 

1f*TifJj£2ft* 0 HRO*5'V*X*yh9 0tf«»r 
> 5 tcjfto TM^J: 5 ^M^tiS c £ tc £ 

[0 0 5 1] HUtt, tJy^p^\Tffid<fc5^:SV^^ 

oTftPX^WOrt«K»MWfc:JB«*tiTl/^So HI 
tf^^p^Sd^BS^Ll/^^^LTI/^o * 
5 *y 9 !±*WfPffi9-r > 5 TiPI*fi*%£> 

rt««c««K:»j«snTv^So iai6ti. tf^^p*^ 

Bf^^-T V 5 fc»oT*PXa»»<Drt«fc*l«WfcJB 
[0 0 5 2] Hl4lcJ;hH ^*y^«9#^®r^ 

> 5 OHBrtt85i8oafi*fiJSbti/^o J;ot, 
l^lfftPXjHFTfii^iPXWftftO^JBfXSSftdli^ 
ftPX^^IO/NVKUV^gg^JSr^o HI S&tfH 

[0 0 5 3] HI 4tckntflf*y ; ?"ptfTj-ffid«tt)*#< 
^ftT&D, Hi 5fc«fcftfcf tf^y^p^}Sd^BS^L< 
^tiTi^OT, ;V1/X1/- IfTfcogQWtc J: t)^*?® 

iRo4i:*««A^HK:«jsarnfc^5-y^X3i?y h 9 0 

^> *5»H#fc:J:htf* ^;!/XP-lf7tOR9^cj:*)^ 
7tfMo4 1; * stfc J&as n/c ^77^x>f7 

7 h 9 0 OrfSOtf fiot^f < 45, Cfctf»/ro 
/to ^7 7 h 9 0©Tfi£©^f>Of A^t < S 

iPxa*»*«i»f^9>rvfc:»oTlll«fc«iK 

HI 4Mil StC^ntf. ^77^X*7h^ 

oTiPX>Wfe»*llllBfc«iBf-r*ciktfT*. ^0. 93 

[0 0 5 4] tt±K«Lft*5lc, **»«*K:<feti 
tf, /Vl/Xl^1f*<0«!5SL«»»O**S*^;I/X 

±0. llPX«»«OJPS*»K***J*UTliv^* 
^^L^c^tcJ:^. iPXWftttfclSUteU— ifSPX^RT 

[0 0 5 5] tt\ ¥y7-p<Dm'ffl&T*%2>C£\C-D^ 
T. ^77^X*7hOi^T«L/'* SBffilX 
>-K>y h-^SSf^^tX*^ hTfelWHiOClfc^WTLSo 



(11) 



2002-1 92368 



19 

[0 0 5 6] *IMM{c(l^l/-fiPlgI^ 10 

-o^rmwr&o m\ 71±ccdl>— tfipx^gi ooo 
tttt*ljftH'?&«. i^-lfiraxg« l o o M\ U— »fft 

L^£t51/- Ifftigll 0 1 IfftLOtti*^ 

u-ifftawwwu io2t u—yytKDfcmmmttm 

^^BHW'tStiSSDXWft* 1 'WliSnstife" 20" 
1 0 7 OcStr 1 0 7^rX$fi73lR]^^Kl^^S/£:i60X 
ttxf-^ 109^ SS^ i o 7 *xWW[Rifc:itX-r 
^Y«^f^tc^^^^^46cOYfftX-r--> ? l 1 1 m 

i o 7&xmj&mmj5mcm.&-tzzmjDmmw) 

^Sfc&^zffiXx— 2/ 1 1 3£. Ltl^ZOOXf 
— 10 9,111.11 3©»ft*«lilt5Xr- 5>*9 
SPfifB 1 1 ^«x^ 0 

[0 0 5 7] Iz-fTtiiS 1 0 1 tfTt^fS^ 
-rSNd:YAGU— tfTfcSo U-lfftKl 0 ltffl^C 
ktfttSU-lf^LT^ Nd :YV04 *f ^Nd : 30 

®«*«»^««*»«^««*. Nd :YAGU — *9\ N 
d :YV04 U— If* Nd :YLFU— !f *ffll/>«0*<»a7?feSo 

1f£ffl^£^?bW3ST*fe&o 
[0 0 5 8] U— ifftiS 1 0 1 tiQXYyfb- *fTfe 

mi u— ifjtaii o ncfii^^n^Qx-r^ 

^HH*KttTEK3ttfc^—5 1, 53^ *5.— 

5 1 £5^-5 3 fcOBBfcE«*nfeU— *f«R5 5 40 

fc, l^imKS 5fc:BS«OA**lniiL*Bfi«5 
7. U-1fi«5 5 1:55-5 1 kOBKElSnftQ 

*_tfNd :YAGT£>£ 0 
[0 0 5 9] QX-f >y^5 9 LT«i»Oi** 

*5< LfcmiT«ia«5 7**sofiA**u-im«5 

^ffl*T±»^^S 0 QX^^5 9 3rf(]/BL 

T««»O!ll5fe*«<Lft«e«lc-r*Jii:fc:J:0. SR 
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5g£2^3 0 U-1f)fc«*JWSB 1 0 2fr6OSfS (« 

T. l^iWtWMWffll 0 2frZ(Dm^Ste&*), 
IfftBi 0 i3b^m»*ns^;l/XU-lf)tL(D«l0iI 

mmi*. u-ifipx««<D»ff#w»-pww-ra±**j 

1 0 1 (DnMT*$>Z> Q 

[0 0 6 0] U— fj)PX4u l!PX*Hfe«J 1 *Xtt*|qI-«f»Y 
tt^^^lS^^:^ c £ lc «fc ?K tfJBrJ^^Vfcifto 

xttxf-yi 0 
TK«t 3£{*»J»» 1 2 7 fc*— tf— H«ffl^ta 

[oo6 i ] zm^ftttinxjflfe* i ^Sffi3 ^sss-r 

^SSO^rSj^aSo <tot, ZfflXx-^l 1 3£rZ$fi 

Mftl!&<DX(y)mJj\*\<D&mZ. iPX3**1*l«:X(Y)tt 
Xf-^l 0 9 (ill) KJ;0x(Y)tti#ftfc&IJi£"£ 

Dfi^o X(Y)«Xf-^l 0 9 (1 1 1 ) 

[0 0 6 2] JfcJttffll/VX 1 0 5 «T* 
*o ZiXf-^1 1 3ttU— 1f«©*?tjS*iPX»* 

O«3tjK«ri0X3«fc«iOrt«K:'&to-a:S C fctf T«S 0 
[0 0 6 3] U— tfinx^B l o o*4S6h:, ®cH^ l 

0 7 KttBSftfctaXJWM* l *RT«)tt»»c J: 

1 0 3Stf®tfflb>Xl 0 5 krai: 
3tttt±fc:E«^n/£:RrS3ttflaoe— ixX^Uv^ 1 1 9 

*mz-z>« e-wj7^i i9^»7tffiu>x 

1 0 5 1:«W^p^7^57- 1 0 3#KH*ft 
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©7frP4©[n]££:9 0° ^tS<k-5fcffiB£ttTV>S 0 H 
fMSl 1 7^e.^LfcRl^^tttr-AX7 p 'J -y 

W^a^'yi'??- 1 0 3M*)tffll/yXl 0 5 
*31>! L, APX*f*% 1 ©9!JWry£7-f > 5 ^*$trS 

[0 0 6 4] u— tfiraxgsi o oii^e^ £-ax 

^7^1 19, W^O^7^57-10 3Ml)t 
fflU>Xl 0 5 i:l^uytftt±lcEHSttfciB»Jie? 1 2 10 

i ms&mis^x 1 2 3m5, mmm? 

Tit®]*. l£ CCD (charge -coup led dev ice) * ^ 7 # £ 5 o 

wm^iz=y << > 5 *f *b 3 *ggra l pra)te»o 

S««ttx U>X10 5, 94 Z o-f y 9 = 9— 

10 3, H-AX/'J 7^1 1 9 3:31;! U *£{ib>X* 

i 2 3T?is«*nT««ii6? 1 2 1 T?»«*n, a&x 

[0 0 6 5] U— IfiPXSH 1 0Oa^c.(C, jtftiSt? 

'^MilgP 1 2 5 V-+f2)PX^S 1 0 O^flfSrSIWr ' 20 
«^<*9JWffl5 127fe, 129c, ^rfi^So 51 

ft^-^saagp 1 2 5 «, mfitT-zzmiz Lxmmm 
ym\ 17 Lfc^ift©£y£#Sffi 3 ±£^b-t± 

LTX-r— ^f&JffllgBl 1 5*Wf-yi 1 3*&S) 

moas-r s c t £ «t t> , Risjto^^a® 3 ic-a- 5 £ ? 
gp 1 2 5 a, mm^—zitmc ltii 3 ©s£*h««s 

1 2 7 £36641, ^#*iJ»»T*aSttffl*^«n, 

£ 1 2 9££|£>*i3 0 ctifc<fct), -t— ^ 1 2 9ta^ 

[0 0 6 6] ^<*$lJSfaPl 2 7 £14, X-r-^fMSPSB 1 
1 5*^0)7-^, tift-r— £$0*1135 1 2 5fre>©iffitfgi 

K&JftlgEl 0 2, ttftfflttiSl 1 T&tfXx— S>*J»ffi 
1 1 5^SiJ»-TScii:£J;t), u— ifiPXSSi oo^ 

f**$iJfBrf S„ i?t, ±#3i<JSPg|$ 1 2 7tt3>k!i- 
[0 0 6 7 ] 0 1 9 tt^fMUmS 1 2 7 ©— tHO—SK*- 

^tyP7 70T-65„ ^MMHti 2 7t±ffig(ti^» 
SPl 4 1 , ^SEtttt 1 4 3StfB^fiKSP 1 4 53:11 
SBtlifS»g|5 1 4 1£{±, VfttoWiVM 
LJlSS[07C^2&t>*Xx— i^l 0 9, 1 1 1 ©&EKI 

[0 0 6 8] KUt^SgP 1 4 1 &±jZEL;/ci£ (n=f/v. 
P = 1 /n) *5pJfflLT»0^-55«lX#-y hllB0£NI 

ce-y^-) &mmw$i \ 4 1 a, c©sggt so 
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X— 1 2 9£2t3o ontiD, t-^ 1 2 

9 £ a XI} S ftfcHiffiR©** 2 Rch'MSOTv^ £ © & 

[0 0 6 9] Sfc, COEE?*— *fiHMMft£ffi 1 4 5 
£&3M£.n& 0 Tf?*fi2teSlU 4 3£Bf6COU- 9*AP 

xgST^fig? n * acH x # v h ©Tf }* *<eit * nt t > 
So Bnw^fisspi 4 5 a, c©sgsx-^i:vrj*ie'tigp 

1 4 3£fe«^nf^?S©5 :? -^c:3*£LT, c©sg 
mt^tit £ £ <fc 9 JgjSSn&EfcStUS&oiiKfiT 1 "- £ 3ft 
figL^e— ^ 1 2 9£iMSo £*!££»?, £ 1 2 9£ 

tt»*fi«oillt«3Ksns. «toT, u— tfipxitu 

[0 0 7 0] SE8ffii£3§Eg|3 1 4 KiS (n=f/v. p= 1 / 
n) *fOTLTiSKX5j?-V hM©«Si*»Wl,T^«# 
#©«fc3£LTfcJ:V\, *"T, ^O^LiiiSSj©^:^* 
Wf-y'l 0 9, 1 1 1 (D&mm&£&H7>#*s t?<3 
oo>mM£<Dm&*^tb&mLfc7---7>lttfti£.L, c© 
7—7Jl>(DT-2*&Mmm$l 1 4 1-£|B**«*. II 
D3gUHS»0*r2&tfX''r— 2?"ro 9V 1 1 1 ©& 

wmm<D±%?£tfimim»%i 1 4 1 ia**nai: tic 

±0, ffiH^Sgpi 4 i«±tBx-7;l/©4<fre>c:tt5 

[00 7 1] *9igL««»0^:#**H^bX 
■r-^©^ift^a©7C#53:Rr^i:LTt il/^o iffi£, 
Xx— S*D&Kl)ifi©;*:fr LMI t> iS Ld^© 

1 4 1 £*5l/^T±MLfc^7 u -X;l'3-ffll/^-S.c: h£* 
•3, BttKx^-y MBOEK^atKWWoiB**^? 1 

2 9 £g^^-&Sfc46©ifflS%fif 5o 

[00 7 2] W±© i 9til 9 £^-T±f*SiJfflIgP 1 2 
7 T'{i^l03lLjgiSS©7^^2^X-r-iy-©^i!)3ia© 
*?J^A*tScctJ:0, it)^7S»X^7 
©ffiSt*MWLTi/>So fSID^aajfaxjK-y bffltomW. 

»»jaKO**?*WWLTfeJ:l/>o J^T<in£oi>T 
[0073] EI20 tt±i*f£ljffllgp 1 2 7 ©ffi©$J©— g|5 

mw^i 4 immtto u— tfipx^g©^t#{±+- 

K#£ «fc t> ^^S^StgP 14 7CB5 (3 ^3 3tSX# 

f±, *PXM^%©JP^^MM^3%lSLTi*^*nS 0 
c©A*£J;t)ja?&aSI»g|5l 4 7 «±fB^-r-X;I/ 

Jl!^i!f!^»gp 1 4 7fi»pt*nfe'r-^*b— >f3tiS*J 
WSPl0 2£i3lS o COHiffiRO^:*S£WI|S*nfcU 
— «f *PX^ST?APX«^* U— 9* iPX-T 5 ctCJ: 
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1 2 9fc:fc2i&n. COSSftO^^^^^^tlSo 
[0 0 7 4] 02 1 t££ttftljfllffi 1 2 7©^6tCffiOM 

X#*v hH©E(BO**Stfaa»J»» l 4 9tcA;b2 
n* 0 c<DA*K: * OMfi^gSB l 4 9 ttJJESW-r- 

— ^©JSfJgpi i 5&c&3 0 c OXr-^SMO^:^ 

O^SStD-r— £ti^e^£ l 2 9icfe2£Sft. l^)Xt 

[0 0 7 5] 0 2 2U^KWffil 2 7^2£tCffi<Dtf!J 
<D— 1fcft&^?7nyt?B'V&& 0 ±<**JfflIgPl 2 7te 
15 T*«JC*o H 2'OKtfB 2 1 <D 

5 1 tA*T5o fi*^te-y:i«»SP 1 5 1 li±|Ea*f 

[0 0 7 6] tra^fr&MJHV 1 5 1 t±»W*n;fc-r- 
»fft«*J»«Bl 0 2aO f XT L -^SW»SBl 1 5 
&c££o U— 1f*««W»l 0 2tt*J|*tifc«l!)5SL 

&(D±%2t%;2>&olcXT— i/l 0 9. 1 1 l«rS8H5 

tSo cneowfip^a^nfcu— ifiinx8fiT?ipx» 

[0 0 7 7] 0 1 7M0 2 3^fflV^T. *^8S 

KtSo H2 3«, C^b-1f x APX7ia^itt0^-r^fci6 
07P-ft-hT65 0 iPX^&ttinii/Unv^x 

[0 0 7 8] iPX*f^% 1 coyc®!R#tt^0^b 

u^iftjiou— if3tL*«^-r* i o i ttmm 

?z (si o i) o mxitma i om^m&r 

T. 4PX»*ttl 1 ©Ztt^OSlftfi^ifcrr* (S 1 0 
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3) o cna, u-if^<ojftjt^p^4pxa*»ioft 

aHC{fc«S*S&«>fc:, ftPX»ft« 1 CDSS3 tcfes-r 
£ l/-fMi)t^Pi: LfciOXWfcft 1 ^Z$ft73 
IrIO»»«T*«o C08iI*±#«i»12 7l£A 

[0 0 7 9] iiPXfctftW 1 # U— *f JPX^S 1 0 0 <DSt 

Riait*5E**-&Tiipx*f«* i *sawrs (s 1 o 
5) o HW*nfc«B^ft9>rv5*^trlnn:j»*i 

10 OSffi3^fflfa^l 2 lta^flt^o COSflfrr 

-*£«^t»«t*— *4ffl3ss i 2 5 uffin^^s i 
zzmwrz (si o 7) o 

[0 0 8 0] CCDM&T-Z&^T-isMm^ 1 1 5tC 

££ti£o xr- ^tgnffi i i sits c^Mf-^?: 

S^LTZWXt— ^ 1 1 3*Ztt7?[RlO&I&;£-*2:S (S 

i 09) o cntc^D, ^sflwtsi i Kommt^m 
^*ffi3tcffiB-rso »*5. awt-r— ^jaassi 2 5 

20 " "WTSMS-r— 9"tcS^i/ s T>" 'WfrfrW?* 'V 5 ^trtjpX 
3**% l OH 3 ©ffi^HfiS-r — ^^Sis-rsa £ cots: 

±m»T--#&±#mm& 1 2 7*mt*-> 1 2 9 
£i£e>*u L^a^-^ 1 2 9 fcn^^^-r > 5 

[0 0 81] £{**!Jfflig|5 1 2 7 ICIZ^&Xt- y?Sl 0 

iiif-^^xf- ^imotbi i s^sn^o x^- 

»L©^i[PtfiPX«*«iort»i:asffiBK:. ztt 
30 Xf-^ i i 3 kick 9 irax*f*44i l ^z$St5TrJ^^Kj^ 

« (Slll)o 

[0 0 8 2]*C, 1 ^;1/Xav<;l/X U— If TM^tl 

Horat* os?)tfy^po****sts-rs (si i 

2) o e*y^pl±*nXj»»»10ff**»«[«*#jaiL 

[0 0 8 3] U— 1 0 1 frS U%L* 

5S^^^T. »f%L*iax*fft» i £>*ffi 3 o^JWt 
40 V 5 tC^*f*T^o l^1f«LO»3'l6jaiPtt*nX» 

ft»10fl»ICtilLTI/^0^ jSBlffia^iStiiPX 
*«fc»10rt«K:o*»**tiao ^LT, «JWTS9 

-r>5tC»5 Jc^tCXlftXx— S/l 0 9MXf^l 

<fc5k:JpX3tftftlOfifiBfc:JBj«-r* (Si l 

3) o ^ LTx hIX«**l*«IWTS9>rV5fc»o 

rfttfsci^tticfcD. 4px»ftw i smwr* (si i 
5) o cntc^o. ftpx*r**i ^>>j3^7^ 

so [0 0 8 4] #n«raffi©»«*B»H-rSo cntcctn 



(14) 
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^>5K:!?J-fLTV>3„ f LT, XttXr-y 1 0 9 
WlXf-yi 1 l*»f&S-ese:i: Ifeftj^P 

•j, aim (ffliAwr*^'yf««, j§^«ta«H«c> js 

scwets, ctucfct), Jraifcf&f&ii <og®3ic 
c i: a < iwuMma 1 *«j«-r s c 

[0 0 8 5] Sfc, *HjfBB|gfc: ititf , iniXifcW* 1 
IM^k U Tralfti^ 1 <0«B5'3 "ra/WX 20 

[0086] &L±mm bf= =t 3 c*i<iS6ffMs&c j; ntf , 

Mi J W*ll««4 1: 3 c t * < . ipxttgiffci 1 *gj 

jgtt^x/Noti^ **^-y^c«jwf^^-i'>^e. 
ttnfc^&sawn-f c « c fc a < , 

«^<^->*^fig*nrv>aioxM^ J f > , ee*s?i? 

5t*I£lffM-i' XjWgj£;£nT^5;&nX;tfSi%fc: 

[0 0 8 7] 3cfc, *SUBBjBK:«fcn»f. *PX»ft» 1 

^ iN»fl:^'y^fca:«ffi«ra±OHIIPi-Z?»S 0 ) */Jn 
£<T-£3 0 d*UC<fc?>, — tfcO*QX3*ft«I1^6ff« 

[0 0 8 8] Sfc, **fiSJg||£ *ntf , tujmmto 1 
to«j»fipx»cu— if^fflvsoT, ^w^vKa-y 
^*ffii>fc^-»^J: t> fc&Sf&iPXtfBJtgfcfcS,, 
fffl AHT. 13 2 4 fc^T J: -5 lc««r*J£9-f > 5 *g3f& 
MT-fcoTi, ^figmic^ntf^WfiPXA^fili: 
<in&©5c6mamicittw-rseijT*ti^«T*feSo so 
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[0 0 8 9] ^HffiJBffifc^ftif, ^;l/Xl/-f 
JtOJlDiSLfflSaao^^SOMIlS-f, XWX7— >*1 
0 9, viXr— >*l 1 1 ©^f&3lJt©*#£<OpS5U: 
«J:t>, »^5J8l»«iaiX*yKOEIi*«!IWT?€So fiP 
X*f^ 1 <D»S^1*Jl**%*LTffiltt©:fcf?£*g 
3.-5 elicit), gfl^JSUfdraxawtifc&So 

[0 0 9 0] 

[arc©***] *«Mfc«su-ifiPX»»c«fctiHr, 
ntfxCSC 4px3t*»*«j»fr«iii:*«-p* 

[0091] ifftoxgufcitudr* '< 

xsftKuoaa^jps^K^s cr c o^n^^ * set 
'tci^Apx^^^jscfc^jwfSpx^Bi^^s; - 
[0092] *«w»c«au— iftoix««»cj:nar» m 

[0093] »fi)PXSB£<J;nif> m 

CHffi©fB#aBiW] 

[ia 1 ] **fi£jgffijc^5 u— if AnxK <toT u— *f sp 

XftJ©iPX^f^©¥ffil3T-3DS„ 
[0 2] Hicj5%riinxj**«ioii-ii«K:»o/fcBfffl 

[0 3 ] *£ffl0BJBk:ft-s u-if inic «t § u— tf ipx 
tftCiPX^itfetD^Flfiia T'fe 2. o 
[0 4] 0 3 l£7j<?1}Ui:tiSm<0 IV- IVjgtCfp v o TuSlfffi 

[0 5] 03 1 ^-TiPXW^OV-Vlgtcjeo TcWiffim 

[06] *H«SB1IBK«S U— «fftPXlc«fcoT^JBf^n 

[0 7 ] ^HfiEJgffifc^S U— if iraxt 43»S«IKS* 

[08] *S6S6Jgffifc«s U— fipxom 1 XglCfett 
s*nx?!f^o»r®0T?3&s o 

[0 9 ] *nss^fc^5 u— *fjrax<QSii 2 xatfett 
aiwx»*»o»rSig-pfeSo 

[010] &mmBmc&zis—*ri}QjL<Dm3x.mic}5 

if 3 iPXjft ^<D»r® 0 S = 
[011] *mnijp|gc«su— »fiinx<oS4xatc* 
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\f £ APX JWfctt© BrffiH T & S o 

[013] **fiEj^fifc:^£ u— *fipxfc*» a u— tf 
ytvmm tisv^ rtSMDaa* fc (om&*^-? 

[015] *mtmmfr&% u— tf *nx^ £ t> ^ ^ * 
«*»»**nftiipx^*o«^ffi9^vfc»ofc 

[0i6] ^mmmmicm^u-^ftuxK^^^^y^ 

[0 17] *^Jft««»i:«ai^ifJnxifiBo«tt«fi8 
[0 18] ^l»»llfc«Sl^1fiPX««OU'—1fJtt 

[019] *mmmm\c%&\s-^i}UTMw<D±wum 

[0 2 0] *^*JB«fc«*U-1fllPX««0^{**J» 



10 



20 



[02 1] *llflfi«!Ktc«SU-1fliPX*«0±#SiJW 

gs<02 t>\zq&<om<o— gp^^-r^p 7^at^o 

[0 2 2] 3tMJB«fc««U-1f4PX«IBO±*»JW 
[02 3] OTPX*KWrSfe* 

[02 4] *^«BS!fiK:ffi* U-tfitaXfc: i 0 WW rT*6 
a^#->*KBB-rsfc«>OiPX*f«*eD¥ffiH-efe 

So 

i • • • iDxawMs, 3 • • • mm, 5 • • • «jwtps 
^-rv. 7 • • 9 - • 1 



1 • • • ^'J3>»)i;\ 1 3 • • 
0 . . . >^>y ^X.f7 100 
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